Chemical irritants are able to produce several biological modifications of the skin, including the direct or indirect production of cytokines and reactive oxygen species leading to an inflammatory reaction. This report examines the existence of a possible correlation between the skin sensitivity to the irritant sodium dodecyl sulphate (SDS) and the activity of the enzymatic antioxidants. In twenty-three healthy subjects the evaluation of the epidermal and peripheral blood mononuclear cells (PBMCs) activities of Superoxide Dismutase (SOD) and Catalase (Cat) demonstrate a significant correlation (r= 0,85 and p< 0,005 for SOD, and r= 0,87 and p< 0,0001 for Cat). Based on this result, on a further group of normal subjects (n=13) we studied the link between the threshold dose of skin reactivity to SDS and the activities of the enzymatic antioxidants in PBMCs. The degree of skin modification induced by SDS, applied at different concentrations for 24 hrs, was determined by means of Trans Epidermal Water Loss (TEWL), Erythemal Index or by Visual Score (VS). The minimal dose of the irritant capable of inducing skin modifications, was significantly correlated with SOD (r=0,77) and Cat (r=0,81) activities in PBMCs, and the modification ofTEWL or EI were inversely correlated with levels of antioxidants in PBMCs (r=-0,62 for SOD and r=-0,66 for Cat). Our results indicate that the skin reactivity to irritants can be modulated by the levels of antioxidants, and suggest a possible therapeutical approach in preventing irritant contact dermatitis.
The skin represents the borderline between the body and the environment and is continuously exposed to several physical and chemical oxidative stimuli. Against the oxidative stress the skin is armed with a complex system of antioxidants, including both low molecular weight substances and enzymatic networks. The antioxidant enzymes (glutathione reductase, peroxidase, superoxide dismutase, catalase, etc) interact with the low molecular weight substances (vitamin E, vitamin C, glutathione, ubiquinol, ascorbate) giving a sophisticated defence system able to ensure the physiological cellular activity (1) . The ability to counteract dangerous stimuli derives from the optimal equilibrium between the different antioxidants. For example, ubiquinol-IO recycles a-tocopherol whereas glutathione reduces the oxidized form of ascorbate (2) . Moreover, the antioxidant defence system is involved at different levels, including prevention, interception, and repair of oxidative stress-induced damage. Firstly, the skin buffers the oxidative insult by scavenging the reactive oxygen species (i.e. by means of Catalase and Superoxide dismutase). Subsequently, lipoperoxidative processes can be prevented by antioxidants, such as tocopherols and l3-carotene. Finally, the damaged proteins, lipids and DNA can be repaired by several enzymatic systems: the lipid hydroperoxides are released from phospholipids by phospholipases and the free hydroperoxides are reduced by glutathione peroxidase; thioredoxin/thioredoxin reductase couple reverses, assisted by methionine sulfoxide reductase, the oxidized amino acids (1) .
Unbalance of the antioxidant defence system could account for the increased susceptibility to some external agent, including chemical irritants (3) . Intraepidermallevel of antioxidants is important in the defence mechanisms against acute UV effects (4-5), including erythema, and antioxidants playa major role in the skin sensitivity to UV irradiation, at least ill vitro (6) . Reduced glutathione (GSH), as a crucial antioxidant in skin cells, was found depleted in normally appearing skin of subjects with chronic contact dermatitis (7) . In addition, the activity of GSH reductase was found reduced after the application of a patch test with SDS, contributing to GSH lowering (8) . Other irritants are able to deplete GSH reductase activity, as demonstrated in an animal model, where this enzyme appears partially inactivated in the area of application of dinitrobenzene patch test suggesting an alteration both quantitative and qualitative at protein level (9) (10) . Chemical irritants are known to produce skin inflammation, due to their potential of altering epidermal barrier, cellular membranes and protein expression, and induce cytokine production (11) . Chemical features of such irritants establish the conditions for special signals ("danger" signals) to the epidermis, causing the initiation of an inflammatory response (11) (12) . Some irritant, depending on chemical characteristics, are capable of inducing a direct oxidative stress in the skin trough the generation of several reactive oxygen species (ROS) and oxidation products, including nitric oxide (NO), are commonly produced during an inflammatory reaction (4, (13) (14) . The ROS production can be also modified by the release of other inflammatory mediators, since several cytokines and prostaglandins can induce an enhancement of their intracellular production. Additionally, cells participating to the inflammatory reactions release ROS (11) (12) .
As the different components of the antioxidant system participate in a coordinate action toward oxidative stimuli, exert a mutual action in recovery and recycling, the evaluation of some of them, even if not exhausti ve, could provide information about the overall and effective cellular redox status.
Inthis study, we have evaluated the superoxide dismutase (SOD) and catalase (Cat) activities in epidermis and in peripheral blood mononuclear cells (PBMCs), and the changes of parameters of skin integrity, such as Trans Epidermal Water Loss, Erythema Index, induced in normal subjects by the chemical irritant sodium dodecyl sulphate (SDS) (15) . Our results indicate that skin sensitivity to irritants is correlated with the activity of the antioxidant enzymes in the skin and in the PBMCs.
MATERIALS AND METHODS

Subjects and irritants tested
The subjects studied were 36 (age range 23-42 yrs, 21 females). The skin phototype ranged between II and IV, according to Fitzpatrick's classification. The subjects were not affected by chronic diseases or by atopy. In a subgroup of 23 subjects we have evaluated the activity of Cat and SOD in epidermis, obtained by suction blister (or from punch biopsies), and in PBMCs. In a second subgroup of 13 subjects, we evaluated the correlation between the antioxidant enzyme activities in PBMCs and the minimal dose of irritant, regarded as threshold dose, able to induce a significant modification of Trans Epidermal Water Loss (TEWL) or Erythema Index (El) values (16) . Moreover, an arbitrary numeric value was assigned to the visual reaction based on evaluation of erythema, induration and visible structural change in the skin, and these accounted for Visual Index. Each parameter was classified as +, ++, +++ on the basis of the intensity of the response. A total score was obtained from the sum of positive (+) count of each (i.e., erythema ++, induration + and structural change in the skin +, give a total score of 4). Sodium dodecyl sulphate (SDS) was applied in the range of concentration 5-40% in Hp. The detergent was applied by occlusion on the volar surface of the two forearms for 24 hrs and the parameters of skin reactivity (TEWL, El and VS changes) were recorded after another 24 hrs.
TEWL and Erythemal Index determination
TEWL evaluation was performed by means of an evaporimeter (Tewameter TM 210, Courage and Kharaka, distributed by Secchi, Milan, Italy). The device was positioned in an air-conditioned room at a constant temperature of 20-22°C and a relative humidity of 40-45%. The measurements were carried out in a box wherein the subjects placed the forearm. After acclimation for 5-10 min, the probe was applied perpendicularto the skin surface. Values were recorded after stabilisation of the reading (17) . In a subgroup of subjects (n=7), 24 hrs after the detergent application, the skin reactivity was also evaluated by measure of Erythemal Index using Mexameter '(Courage and Kaharaka, distributed by Secchi, Milan, Italy). 
Effects of SDS
The epidermal activity of the two antioxidants after application of SDS single dose proved to be extremely variable, since some subjects showed slight decrease, others displayed increase (over 100%) and two no changes in the enzymatic activities. We concluded that this measure was affected by the degree of inflammation, and the subsequent exudation produced, and could not be useful for testing our hypothesis.
Considering the significant correlation between epidermal and PBMCs antioxidant activities we analysed the degree of skin modification induced by the compound with respect to PBMCs antioxidant enzymes activities.
SDS caused a dose-dependent increase of TEWL from the basal mean value of 6 g/m 2/h (range 4.5-7.2) up to 15 g/m 2/h with a wide variety of responses (range 10-18). The normal subjects studied exhibited different sensiti vity to the amount of detergent (threshold dose ranging from 5 to 
RESULTS
Preparation of Epidermis and PBMCs
Epidermal sheets were obtained by suction blister chambers applied to the volar forearm and washed twice in isotonic saline solution before protein determination. Venous blood was collected in heparinized tubes. PBMCs were isolated on gradient of Ficoll-Hypaque (density 1.077, Sigma Chern. Co., St. Louis, MO) by centrifugation at 400 g for 30 min at room temperature. The PBMCs layer was collected and washed twice in 0.9% isotonic saline at 200 g for 15 min at 4°C. Epidermis and PBMCs were lysed in hypotonic solution (Tris 0.005 M) on ice for I hr and centrifuged at 800 g for 10 min at 4°C.
Determination of antioxidant enzymes activities
Total protein concentration in the supernatant of epidermis or PBMCs Iysates was determined by Bradford assay and expressed as mg of protein/m!. SOD activity was evaluated by spectrophotometry assay ( 18) . Briefly, in the competitive inhibition assay the supernatants were tested for their capability of diminishing superoxide generation by xanthine-xanthine oxidase by monitoring the reduction of nitroblue tetrazolium at 505 nm. Standard curve (0.125, 0.25, 0.5, 1,2 and 4 Ulml) was performed using human SOD (Sigma). One unit of SOD activity was defined as the amount of protein that yields 50% of maximal inhibition of nitro blue tetrazolium reduction by superoxide. The results were reported as units of SOD/mg protein. Cat activity was determined by the rate of disappearance of hydrogen peroxide (10 mM) measured at 240 nm by spectrophotometer in phosphate buffer pH 7.4 (19) . One unit of Cat activity was defined as the amount of enzyme that degrades IIJM ofH 2 0 2 • The results were reported as units of Cat/mg protein.
Statistical analysis
Student's t and Pearson tests were utilised for statistical analyses and p<0.05 was indicative of significant differences.
Correlation between enzymatic antioxidant in Epidermis and PBMCs
The analysis of the SOD and Cat activities in the first group of subjects (n= 23) showed a mean value of SOD and Cat activities in the epidermis of 4.37 ± 2.05 U/mg protein and 192.18 ± 93.42 U/mg protein, respectively, whereas in PBMCs were 4.97 10% SDS) capable of significantly modifying the TEWL (i.e. more than 2 fold increase from control baseline). A linear positive correlation was found between the threshold dose of SDS and the antioxidant enzymatic activities in PBMCs (1'= 0.77 for SOD and 1'= 0.81 for Cat activities, reported in Fig 2a and 2b, respectively) . Evaluating the minimal dose of irritant able to induce a visual score of 5, a significant inverse correlation was found with sa> the antioxidant activities in PBMCs, i.e. 1'=-0.87 and 1'=-0.78 for Cat and SOD, respectively.
In a subgroup of patients with the lowest skin phototype (II), and corresponding lowest PBMCs antioxidant values, the modifications ofTEWL after application of SDS were inversely correlated with basal functionality of SOD and Cat (R2= 0.52 and 0.70 respectively) in PBMCs (Figures 3a and 3b) .
In a subgroupme") the Erythemal Index (EI) measure showed that there is a good inverse correlation between the basal level of the enzymatic antioxidants and the basal EI (1'=-0,74 for Cat and 1'=-0,86 for SOD) and between the basal level of antioxidants and the EI after the application of 10% SDS (1'=-0,62 for SOD activity and 1'=-0,66 for Cat activity) (Fig 4a and 4b ). 
Fig2b
The skin barrier alteration can be induced as direct and indirect effect of the application of the detergents. Sodium dodecyl sulphate (SDS), being a surfactant, may perturbate epidermal lipids and cellular membranes (3, (11) (12) (20) (21) favouring the exposure of unsaturated lipids (22) (23) (24) , and promote an inflammatory reaction through the stimulation of the cytokines secretion and the recruitment and activation of inflammatory cells at the site of application (4, 11) . Mediators released from epidermal and inflammatory cells can participate into the onset of peroxidative processes and the antioxidant activity seems to regulate thedegree ofthe reaction. Several pro-inflammatory cytokines, in fact, can be causative of oxidative stress in response to irritant application and the recruitment of inflammatory cells can further increase the production of ROS (25) (26) . IL-l, for instance, can prime polymorph nucleate cells to produce ROS and induce the generation of superoxide anion radical by endothelial cells (27) ; exposure of sensitive cells to cytotoxic concentrations of TNF-a is associated with the accumulation of malonyl-dialdehyde, a marker of lipoperoxidation (27) (28) . Moreover, a study on TNF-308 polymorphism showed a significant increase in the A allele and AA genotype in low responders to SDS, suggesting that TNF-308 polymorphism can be a genetic marker for irritant sensibility in normal population and possibly a parameter to screening the subjects at risk for contact dermatitis (28) .
The activation of NF-_B, a nuclear factor involved in the regulation of genes for several inflammatory cytokines including IL-l and TNF-_ seems to be produced by intracellular HzO z generation and then depending on the antioxidant status (29) (30) .
Direct assessment of the local antioxidant levels after application of irritant could not be performed in our study, since it resulted dependent on variable factors, such as the amount of both inflammatory cellsrecruitedatsiteofapplication andproinflammatory cytokines released. Nevertheless, several previously published data indicate that antioxidants are significantly and quantitatively modified by the application of irritants or allergens (7) (8) 19) .
We analysed a normal population with skin phototypes II-IV, on the basis of Fitzpatrick classification, and we found a broad range of enzymatic antioxidants activities in PBMCs, where the lowest enzymatic activity was found in the subjects with the fairest phototype, as we previously reported in cultured primary melanocytes (31) . In any case, we found a good correlation between PBMCs antioxidant enzymatic activities and skin modification after SDS application in either the group with low or medium phototype.
Our results suggest that the threshold dose of SDS, i.e. that associated with a clear epidermal alteration, is in relation with cellular redox status since Erythemal index and TEWL changes were inversely correlated with basal levels of the antioxidants in PBMCs and then, indirectly, in epidermis. In conclusion our data demonstrate that the level of enzymatic antioxidant activities in sun non exposed epidermis and in PBMCs, even if exhibiting different range of activity, are significantly correlated and the skin sensitivity to irritants in normal subjects is related to the local and systemic antioxidant status (32, 33) . A possible consequence of our findings is that an increase of the epidermal antioxidant capacity could lead to a lower responsiveness of the skin to irritant application and that a systemic administration of a pool of antioxidants can be suggested as a preventive and therapeutic measure for skin reactivity to chemical irritants, as reported for UV (4) .
